As the number of intranet application increases, software developers face a new software paradigm and possibly a new set of quality requirement. The work discussed here attempts to identify practical software metrics for intranet applications. The six software quality characteristics and 32 quality sub-characteristics of the Extended ISO model are used as a basis to identify the key quality characteristics of intranet applications. From the results of a user survey, three key quality characteristics are identi®ed; they are reliability, functionality, and ef®ciency. Five sub-characteristics (availability, accuracy, security, suitability and time behaviour) are found to be the key attributes of intranet applications. Finally, a set of three metrics is developed. In order to verify their validity and applicability to intranet projects, an experiment was performed by computing these metrics in ®ve intranet applications. The metric values were then compared with the results from a user satisfaction survey. The metric values and the survey results were closely correlated; a larger score in software metrics leads to a higher user satisfaction score. It is very likely that these software metrics can effectively re¯ect the quality of an intranet application. #
Introduction
The intranet emerged in the early nineties as the application of internet technologies to internal business applications. When discussing the intranet, it is important to remember that the underlying technology is identical to that of the internet. Only in one way are the two different: private versus public usage [20] . More and more organizations from all sectors are attracted by the tremendous bene®ts of intranet applications: cost and time saving, increase of productivity, exibility [17] , open-architecture, consistency, reduced workload, timeliness, and removal of departmental boundaries. From a management perspective, successful intranet application implies higher return on investment, low risk, shorter payback time, more business opportunities, lower training cost, technology-enabled employees [16] , and a shorter development life-cycle [3] . However, the use of the intranet may require dramatic changes in business processes and organizational culture [5] .
Although many successful stories involving the use of the intranet have been reported, numerous intranet investors are disappointed and impatient as they wait for bene®ts that may never come. In the wave of use of the intranet, there is an increasing need for quality management. How do intranet applications differ from other applications? Can an intranet application be measured quantitatively? Can well-known software quality characteristics be applied?
Typically, metrics may be relevant to a speci®c application domain; a study indicated that different types of software applications have different quality pro®les [15] . Hence, product quality metrics which are relevant for non-intranet applications may not be suitable for intranet applications. Learnability is a typical example: when working with a standard web browser interface, users do not need to spend extra effort in learning about the user interface of a new intranet application. The value of this quality characteristic diminishes and thus, the corresponding quality metrics may not be applicable to an intranet application.
Unfortunately, there has been little study of quality measurement for intranet applications. Although many intranet purchasers are concerned about its quality, they do not apply quality metrics. For example, many organizations invest in many tools, such as a ®rewall, to improve security of intranet, but its value is rarely measured [7] . Some organizations have analyzed features [9, 13] and cost-effectiveness [10] of the intranet without any apparent quantitative measurement. Use of quality metrics was rarely found; therefore our study attempts to identify practical product quality metrics for intranet applications.
A commonly accepted de®nition of quality is`the totality of features and characteristics of a product or service that bear on its ability to satisfy stated or implied needs' [12] . According to Deming, quality is customer-focused. Thus, the relative importance of software quality characteristics of intranet application should be determined for different types of users: endusers, end-user management, software developers and information system (IS) professionals.
In our study, the Extended ISO model was chosen as the reference point, due to its popularity and acceptance by the software industry [19] . Its software quality characteristics were used to identify key quality attributes of intranet application. The ranking of these characteristics were then used to determine a generic view of the importance of these quality factors. Their relevance was studied to identify the key quality characteristics.
Software quality and intranet application

Software quality model
McCall distinguished between two levels of quality attributes: quality factors and criteria. The former cannot be measured directly, while the latter can be measured subjectively [8] . Based on this, ISO further simpli®ed the model, which is general and commonly accepted, being state-of-the-art in product quality speci®cation. Software quality characteristics are gathered from practical situations. It uses the quality characteristics listed in Table 1 [21] .
These quality characteristics can be further broken down into lower level quality sub-characteristics [22] . The Extended ISO model consists of 32 sub-characteristics, as shown in Fig. 1 .
Relevance of ISO quality characteristics in intranet applications
Intranets may vary from a small-scale personal computer network to a corporate wide area network. Also, functionality of an intranet may range from a store of static documents to the enterprise knowledge architecture. There are several types of intranet as described:
Simple intraweb
An internal web server that publishes static pages in HTML format. The browser opens up a connection to its server, which, in turn, returns the page and closes the connection.
Interactive intraweb
Containing forms, ®elds, and buttons that take input from the user before opening a connection to the server for transmission of data and choices. The web server passes the information to a server program Table 1 Six quality characteristics of ISO
Functionality
Shows the existence of a set of functions and their specified properties. The functions satisfy stated or implied needs. Reliability That capability of software which maintains its level of performance under given conditions for a given period of time.
Usability
Attributes that determine the effort needed for use and the assessment of such use by a set of users.
Efficiency
The relationship between the level of performance of the software and the amount of resources used under stated conditions. Maintainability The effort needed to make specified modifications. Portability
The ability of the software to be transformed from one environment to another.
for processing, which, in turn, passes a new page back to the browser for viewing. The interactive intraweb facilitates timely distribution of static information and allows end-users to obtain information from a variety of back end servers.
Distributed intraweb
Uses the distributed data sources throughout an organization. The simple action of opening a web page invokes a procedure on behalf of the user. Through the standard programming interface, some small programs can be incorporated into the pages sent to the browser. Planned actions can be automated. A richer user interface is provided and some tasks shifted from the server to the client.
Enterprise intranet
This is replete with true open client/server applications. Instead of downloading static web pages, a program called an applet, is loaded on the client and runs automatically. This applet opens its own communication session with the server. In addition, it can communicate with other servers to get access of a wide range of databases on the intranet. Eventually, analysis of the targeted data is presented to the user.
The nature of the Interactive intraweb, the Distributed intraweb and the Enterprise intranet are similar.
The major differences are in the extent of the use of applets, the level of automation of mission-critical business processes, the degree of utilization of the organizational structure and the network, and the capabilities of analytic power for management decision making. We grouped these three types of intranet when analyzing the relevance of the quality subcharacteristics. The results are summarized in Table 2 ; further details can be found in [14] .
As intranet applications are typically open, conform to the standards, and are generally available, several quality sub-characteristics are implied. Therefore, they are less relevant to the quality of an intranet application. The value of measuring these sub-characteristics may be very small. For example, because intranet is generally suitable for a wide range of applications of various scales, suitability is less relevant. Moreover, some characteristics, such as interoperability and maturity, are generally not suitable for Simple intraweb, which is generally a static store of documents.
Since a Simple intraweb is a replacement for printing, minimal processing capabilities are needed. Compliance to HTML or similar methods guarantees interoperability, compliance, and reliability. Use of a browser interface facilitates the usability, by default, while the organization of documents and their appearance determine the popularity of the intranet. The property of openness solves the portability problems of intranet.
The other three types of intranet applications bear more processing and analytical power and perform more critical tasks. Therefore, more quality characteristics are relevant; they include: accuracy, recoverability, and speed. Also, as they may involve legacy systems and databases, interoperability is a matter of ensuring all form a harmony. Maintenance is usually the largest investment of all application development. As time is a critical factor for a successful intranet application, maintainability becomes more relevant.
Methodology
The study involves four phases:
1. A survey of quality characteristics, 2. Development of metrics and their reduction, 3. Collection of data, 4. Survey of user satisfaction. A survey was ®rst performed to determine the users' view of the relative importance of quality characteristics in an intranet application. To increase the reliability of the survey, users with various background and different internet/intranet experiences were invited to participate in the survey. Respondents consisted of end-users, end-user management, developers, and IS professionals with or without intranet/internet project experience. The scope of the survey was single-project [1] . The method used included electronic mail and interview. Electronic mail was used because of its low cost, short transfer time, and convenience for respondents, while interview techniques provide more information and explanation from respondents and therefore can produce a more reliable result [11] .
The questionnaire included a brief explanation of intranet applications and the Extended ISO quality model. Respondents were asked to rank the six quality characteristics of Extended ISO model in order of their perceived importance. Then, they were asked to rank the 32 quality sub-characteristics. Sub-characteristics that were less relevant for intranet application were to be ruled out.
Based on the survey ®ndings, we then developed metrics for the most important and relevant quality sub-characteristics. By applying the goal-questionmetric (GQM) paradigm, goals were identi®ed, questions were formulated in quanti®able terms, and metrics were ®nally established [12] . The goal of this effort was to improve the quality of the highest ranked sub-characteristic of an intranet application. Questions focused on achieving the goals quantitatively. Areas of measurement that were practical and useful were identi®ed. Finally, a set of product quality metrics, including those newly invented and extracted from the literature, were identi®ed for further assessment.
The next phase involved evaluation of the developed product quality metrics. A series of interviews were conducted with prospective metrics users. This evaluation focused on the applicability and usability of the metrics; those that are not practical or infeasible were ruled out. The reduced set of product quality metrics was used for experiment in the next phase.
The experiment aimed at evaluation of the validity of the set of product quality metrics. These metrics were applied to a number of intranet applications. They covered document management, form-based interface, and replacement of pre-printed forms. The users of these applications included information consumers, information contributors, administrators and systems administrators. Data was collected from problem logs, problem incident forms, and project management data. The applications were then ranked by their metric values.
As user satisfaction is the ultimate validation of quality, we conducted a survey to measure satisfaction of these intranet applications. The applications were ranked based on user satisfaction. In our analysis, paired two-sample T-test [2] were applied to each pair of consecutive applications in their order of relative importance.
The rankings from the experiment and the user satisfaction survey were then examined for their correlation. The null hypothesis was:`the ranking of a speci®c metric re¯ects the ranking of the corresponding quality sub-characteristic. ' Another null hypothesis was:`the ranking of a speci®c metric re¯ects the ranking of the overall user satisfaction.' If this hypothesis held, the metric may be used to indicate the overall quality or a particular quality sub-characteristic of intranet application.
User survey of quality characteristics of the intranet application
Prior to the actual survey, a few respondents were invited to help in a pre-test of the questionnaire. They commented that the list was long and many subcharacteristics were similar. Then, a face-to-face survey was conducted so that additional explanation of the quality characteristics could be provided to respondents when they were completing the questionnaire.
The questionnaire consisted of seven questions:
1. Question 1 was for ®ltering respondents that had no experience of intranet or internet application. 2. Question 2 identified whether the respondents had any hands-on intranet experience in their workplace. 3. Question 3 was used to verify the reply of Question 2. 4. The user type of the respondent was classified in Question 4.
5. Question 5 attempted to ensure there were IS professionals having intranet/internet project experience in the set of respondents. 6. Question 6 asked respondents to rank the six quality characteristics in order of their importance. 7. Question 7 was the most difficult question, because it asked respondents to assign a ranking to 32 quality sub-characteristics without duplication. 8. Quality characteristics were listed in an alphabetical order to prevent their initial order from affecting respondent preference.
Fifty users from local companies of various industries, including education, ®nance, retail, marketing, and manufacturing participated in the survey. A total of 39 responses were received, giving a return rate of 78%. Three respondents had no intranet or internet experience. Another six responses were invalid, because duplicate rank was assigned to different quality characteristics in Question 6 or Question 7. Thus, the remaining 30 questionnaires formed the basis of the analysis.
Respondents consisted of all intended user types. 30% of them were end users and management, while the remaining 70% were IS professionals with various specialties, such as software/hardware supports personnel, consultants, programmers, systems analysts, and project managers. 27% of respondents had development or managerial experience in intranet or internet projects.
Relative importance of the quality characteristics
Respondents were asked to rank the relative importance of the six quality characteristics by assigning a number from one (most important) to six (least important) for each characteristic, without duplication. This number was used to calculate the mean score of each characteristic and determine the overall relative importance of the characteristics. The attribute with lowest score is the most important. Table 3 summarizes the responses; e.g. there were eight respondents who viewed functionality as the most important quality characteristic. Table 4 gives the percentage of respondents that choose a characteristic as one of the top three most important characteristics. The reliability and functionality characteristics received over 90% of the votes.
In order to verify the ranking, a paired two-sample ttest was performed for each consecutive pair of quality characteristics. The null hypothesis was that the mean of the more important characteristic was smaller than or equal to the mean of the less important characteristic. The con®dence level was 0.05. Thus, the probability of the type 1 error to reject the hypothesis is 5%. A one-tailed test was performed.
Results of the paired two-sample t-test of ®ve pairs of consecutive quality characteristics are shown in Table 5 . Since the probability of T t statistics of all pairs were less than the critical value of t (1.67), all null hypothesis hold. From the t-test analysis, the ranking of the six quality characteristics is that shown in Table 4 , with reliability being the most important.
Relative importance of the quality subcharacteristics
Respondents were asked to rank the relative importance of the 32 quality sub-characteristics without duplication. The number was used to calculate the mean score of each sub-characteristic and determine the relative importance of the sub-characteristics. The one with the lowest score was the most important. Table 6 gives the percentage of respondents that choose a characteristic as one of the top ®ve most important sub-characteristics. The availability, accuracy, security, suitability and time behaviour subcharacteristics received over 30% of the votes. The large value of the standard deviation shows that the distribution of the scores of sub-characteristic is more scattered than that for the quality characteristics. Some respondents remarked that many sub-characteristics were very similar and that it was dif®cult to assign unique ranking.
As with the previous analysis, we carried out a paired two-sample t-test. The results con®rm the ranking of Table 6 . All ®ve most-important sub-characteristics belong to the three most important quality characteristics. This is illustrated in Table 7 .
Product quality metrics
A metric initiative must address the needs of its potential users. Practical metrics should be objective, cost effective and informative. A number of product quality metrics were de®ned by applying the goalquestion-metric paradigm. It should be emphasized that we wanted to identify product quality metrics suitable for intranet applications. However, some of these metrics may also be applicable to non-intranet applications [18] .
Because of its low relevance to the quality of an intranet application and the low usefulness of its measures, suitability is not considered further. Therefore, we focus on the development of product quality metrics for the remaining four sub-characteristics.
We ®rst identi®ed the user and then the levels of metric application. As different users of product quality metrics may have different interests, it is essential to identify all of them [4] . Table 8 lists primary interests of the potential users.
In this study, the metric users were in the Computing Services Centre of a local university. The organization's mission was to create and maintain a computing environment for the pursuit of academic excellence with quality management; to provide quality professional services to students, staff, and administration; to ensure effective use of computing resources and to cooperate with other centres of higher education and professional bodies. The centre has provided numerous internet and intranet applications and services since its start in 1995. Numerous web, ftp, news, mail, and proxy servers have been set up for individual and departmental users. Staff may read public announcements and administrative notes posted onto web servers. Also, students can renew loans of library books. Currently, the staff-only intranet includes many administration and information Table 7 The top five quality sub-characteristics and their quality characteristics Table 8 Primary interests of metric users
Metric user Primary interests
End-users Quality and value of intranet application End-user management Overall control and improvement across projects in the business unit. Business value of intranet application Software management Overall control and improvement across specific intranet projects they manage Software developers Overall control and improvement across specific intranet project activities and work product in which they are involved Software quality assurance Cross-sections of primary interests above (depending on whether they are working at the business unit level or project level)
applications, such as the on-line phone book, message board system, and computer account applications. Scope of measurement varies according to the need of the user, resources availability, company culture, awareness of quality within an organization, and organizational structure. It can be classi®ed into four levels as shown in Table 9 .
As one objective of this study was to identify product metrics for measuring the quality of inhouse developed intranet applications, we focused on the project group and the project levels of metric application.
Defining product quality metrics
Starting from the needs of metrics users, product metrics for the four short-listed sub-characteristics were developed. Table 10 summarizes them.
The number of metrics is overwhelming. Many scholars suggest the use of simple and fewer product metrics. Also, if the cost of obtaining the metric is too high, it will be hard to justify its use. To reduce the set, a series of interviews were conducted with software management and developers of intranet and internet applications. The interview focused on the following areas:
1. Scope of the quality measurement. 2. Importance and urgency of the metric. 3. Cost estimate for implementing the metrics.
Two project managers, three developers, and one application support staff member were invited to comment on each metric. All interviewees agreed that measurement should start from intranet applications developed by the centre to help it identify the best application. The metrics will be used to investigate the quality of intranet application at the project level and to compare the quality of a number of intranet applications at the product group level.
Importance, urgency, and cost of metric
Interviewees were ®rst asked to rate the importance and urgency of the 15 metrics on a three-point scale: low (0), neutral (1), and high (2) . The results are shown in Table 11 , with the mean shown in parentheses.
Interviewees considered AVAIL, FR, and ERT to be useful metrics, because they re¯ect the important features of quality and in¯uence the public image of the intranet application. Support staff commented that the availability is very important, because users notice when the system is down. NTF is also important, since illegal break-ins cause crisis and damage the reputation of the university. The need for AVAIL, FR, and SFR are most urgent, since service reliability is the primary concern of the centre.
As NRD indicates both product quality and software development process quality, it is important. However, as the centre adopts the`simple is good' principle to develop intranet applications, most applications are small. Hence, the number of released defects is relatively lower than in large legacy applications. To meet ever-changing requirements, the rate of update of intranet application is high. Also, it is not easy to count the defects after release. As typing mistakes and incorrect URLs in web pages are the most common data error, DQ seems less useful.
After the implementation of an asynchronous transfer mode (ATM) network and use of powerful servers, response time was satisfactory and thus less urgent. Moreover, users are noti®ed with appropriate mes- Table 9 Levels of metrics application
Level
Metric application
Company (or business unit) Data across several projects may be lumped together to provide a view of attributes such as productivity, quality, and cycle-time across projects. Project group Data across several projects in the same product area may be lumped together to provide a view of the same attributes, but within the product group. Project Data within the project is tracked and analyzed both in-process and post mortem in order to plan and control the project, as well as to improve similar projects across the business unit. Component Data within a component, say a subsystem, of a project is tracked and analyzed for managing the development of that component, as well as improving its quality over time.
sages in case more processing time was needed. As the speed of operations was satisfactory, the metric for system response time was less important. However, interviewees agreed that measurement of time behaviour will be important later when computing resources become tight. Due to the satisfactory security implementation, measurement of security is less urgent.
Interviewees were also asked to estimate the cost of implementing each metric using a three-point scale:
Low cost: data is already available and a simple calculation is required.
Medium cost: additional effort is required for data collection and analysis, but collection and analysis are simple.
High cost: additional effort is required for data collection and analysis and also its collection and analysis are complicated. Expensive tools or training is required. External assessors or advisors may be needed.
Due to the availability of data such as service outages and failures found in the user problem reports and system logs, the cost of collecting AVAIL, FR and SFR is low. Data analysis is also simple and requires little training. NP and NWP do not require much effort.
On the other hand, the remaining metrics, especially for speed and security, cost more to implement due to their complexity. For example, data is available for NTF from system logs and error reports, but it takes extra time to make any investigation.
From the analysis, AVAIL, FR and SFR are the most important, urgent, and cost-effective product quality metrics. The ®rst two are associated with the availability characteristic while SFR relates to accuracy.
Evaluation of quality metrics
In order to verify the three product quality metrics, we applied them to ®ve in-house intranet applications. Only applications that have been in use for at least six months were selected for our study. Generally speaking, they are popular applications that have been modi®ed since their launching. All these intranet applications are protected through user authentication and can be accessed via either the campus network or dial-up services. An overview of these applications is given in Table 12 . Details are provided in Table 13 .
Applying the product quality metrics
Data was collected from user problem logs, Help Desk monthly reports, system logs, and software maintenance logs over a 3-month period. Prime and outage-hours of the ®ve applications were collected. Outage hours are the sum of all failures reported to the Help Desk or recorded in system logs. Lack of Table 11 Importance and urgency of product quality metrics Metric Importance Urgency Cost Availability (AVAIL) High (2) High ( This application is a simple administrative system for staff. It provides electronic forms for a user to make requests for servicing. Upon completion, a notification is sent via electronic mail. E This is one of the most frequently invoked applications. With this application, staff can enjoy sophisticated inquiry functions on sensitive data. To avoid unattended login session, a time-out feature is provided after 15 s or a user-defined idle time-out is exceeded. Data is transferred from the database of legacy systems within one-day. The distribution of outage by failure type based on outage duration per failure type over total outage duration is shown in Table 14 .
The major causes of outage are software and network communication problems. The software related outage is substantial for application A, since problems caused a long delay. Network communication problems occur mainly during normal of®ce hours. As a result, they account for a major outage for application E, whose prime-usage hours are the normal of®ce hours.
Based on the prime and outage-hours, the metric results of AVAIL are shown in column 2 of Table 15 . AVAIL of application E is highest, while that of application A is the worst. AVAIL of application A is less than the acceptable level (86%). This suggests that management should pay more effort to improve this application. Availability of application C is slightly below the standard (95%), while that of other applications are over 95%.
We can rank the applications from 1 to 5. But as the difference between AVAIL of B and D is very small, we assign them equal rank.
For the FR metric, the failures were collected as for the AVAIL metrics. Execution time is estimated by multiplying the number of invocations of an intranet application by the average duration of an invocation. Applications B and E are the most popular intranet applications with respect to the number of invocations. Average duration per invocation varies from 4 to 8 min. Application D is the least frequently invoked application and associates with the shorter average duration per invocation. Thus, it provides the smallest total execution. The distribution of failures by failure type based on count of failure per type divided by total count is shown in Table 16 .
The software failures and network communication problems are substantial in all applications. The lower the failure rate of an application, the higher its rank. FR of application E is lowest, while application A has the highest FR, which is several times as large as the others.
Unlike FR, SFR only counts failures caused by software defects. The software failure rate of the ®ve applications is shown in column 6 of lower the software failure rate, the higher its rank. Compared with other applications, application A has a notably higher SFR. When functions with defects are invoked frequently by users, the failure rate will be high. SFR of applications D and E are much lower than that of other applications.
Ranking from user satisfaction survey
We then carried out a user satisfaction survey for the ®ve applications. The purpose of the survey was to conduct project-wise comparison on the quality of the ®ve intranet applications. Four brie®ng sessions were organized to ensure that all respondents would interpret the questions in the same way. Each session started by describing the background and purpose of the survey, and then gave details of each question. Finally, the respondents were allowed to raise questions. Each session took 30 min, and the respondents were then asked to complete the questionnaire within 1 week. Twenty three people attended the sessions and all returned the questionnaire. Another 27 questionnaires were sent via electronic mail, and 12 questionnaire were returned. The respondents were all staff of the university. The questionnaire is available from the author.
The questionnaire has four questions: Question 1 was intended to verify that the respondent has used all ®ve applications. In Questions 2 and 3, respondents were asked to rate the relative quality in term of availability and accuracy among the ®ve applications. Question 4 collected the comparison on overall quality among all applications. Duplicate ranking was not allowed. All respondents had used all ®ve applications within the previous 3 months.
Participants ®rst ranked the relative quality of the applications on availability by assigning a number from one (the best) to ®ve to each. The number was used to calculate the mean rank of each application. The one with the lowest score is the best. Application E is the best and application A is the worst. (Table 17) Participants then ranked the relative quality of the ®ve intranet applications on accuracy. Finally, participants ranked the relative overall quality of the ®ve intranet applications.
T-test analysis was applied to check the ranking of the ®ve applications according to each of the three characteristics. The ranking based on availability and overall quality are the same. The combined results from the experiment and the user satisfaction survey are summarized in Table 18 . As indicated by the paired two-sample t-test, results from the experiment and the user satisfaction survey are correlated at the 95% con®dence interval. The availability metric, AVAIL, shows very similar results on availability and overall quality for the ®ve intranet applications. Also, the threshold values of AVAIL are useful for metric users.
FR shows similar results in availability and overall quality, with a small difference (a swap between the third and the fourth applications in the ranking).Ranking generated from the accuracy metric, SFR, is the same as that from the user satisfaction survey for accuracy. Although it does not exactly match with the overall quality, it shows similar results with a small difference.
Conclusion
Based on a quality pro®le involving intranet application, 15 product quality metrics were found to be good indicators by using the GQM paradigm; their feasibility was examined by the target metricuser. Three product quality metrics were shortlisted for evaluation and an experiment was performed on ®ve live intranet applications. The metrics were shown to be valid by using a satisfaction survey. The evaluation shows a very encouraging result: all three metrics are consistent with the user's view of the speci®c quality sub-characteristic. Furthermore, the metric, AVAIL, indicates the overall satisfaction.
A weakness of our study is the relatively small sample size of the two user surveys. We could greatly improve the accuracy of our results if there had been more participants. However, we believe that the developed metrics are relevant to the targeted users. The users have agreed that the three product quality metrics are practical, useful and economical to use to measure the quality of intranet applications. With these metrics, the centre may start measuring the quality of their intranet applications and seek further improvement.
The product quality metrics are not only useful in intranet applications; they should also be applicable for internet applications. In fact, AVAIL, FR and SFR have been applied extensively in other applications.
